Rdsum6.-Les processus de f u s i o n e t de s o l i d i f i c a t i o n s o n t dans une l a r g e mesure dbterminds p a r l e s c o n d i t i o n s microscopiques 2, l ' i n t e r f a c e l i q u i d e -s o l i d e . Des c a l c u l s thdoriques e t c e r t a i n e s observ a t i o n s o p t i q u e s d i r e c t e s suggerent que l ' i n t e r f a c e dans l e c a s de 11h61iurn a une dpaisseur de plus i e u r s couches atomiques. Dans nos propres expdriences s u r l a s o l i d i f i c a t i o n d e 3~e d basse tempdr a t u r e (< 100 mK) dans une geometric r e s t r e i n t e ( v e r r e poreux du type Vycor p r d s e n t a n t d e s t r o u s de d i m s t r e 70 A ) , nous avons u t i l i s d l e processus de s o l i d i f i c a t i o n a d i a b a t i q u e q u i crde l e r e f r o idissement de 3~e ( e f f e t Pomeranchuk) pour l a mesure d e s changements d ' e n t r o p i e e t de volume en f o n c t i o n d e l a p r e s s i o n e t d e l a temperature d 2/3 b a r d 1 7 i n t 6 r i e u r de l a courbe d e f u s i o n . Nous avons a u s s i e f f e c t u b d e s mesures d ' a i m a n t a t i o n . Les o b s e r v a t i o n s montrent que l a gdomdtrie r e s t r e i n t e f o u r n i e p a r l e s u b s t r a t de v e r r e s o l i d e 2, grande s u r f a c e p e u t a v o i r un e f f e t important : en p a r t ic u l i e r c e c i conduit d une phase de f o r t e d e n s i t b ( s u p d r i e u r e Z c e l l e du s o l i d e ) e t de f o r t e e n t r o p i e q u i , b i e n que dbsordonnde, e s t probablement mobile. Une t e l l e s i t u a t i o n p o u r r a i t a u s s i r e p r e s e n t e r l ' i n t e r f a c e e n t r e l'h6lium l i q u i d e dans l e r d c i p i e n t e t l ' h 6 l i u m s o l i d e e t nous comparons nos mesures avec d ' a u t r e s q u i donnent d e s i n d i c a t i o n s i n d i r e c t e s s u r l a n a t u r e de c e t t e i n t e r f a c e .
Abstract. -The processes of m e l t i n g and s o l i d i f i c a t i o n a r e determined t o a l a r g e e x t e n t by microscopic c o n d i t i o n s a t t h e l i q u i d -s o l i d i n t e r f a c e . T h e o r e t i c a l c a l c u l a t i o n s and some d i r e c t o p t i c a l observati o n s suggest t h a t t h e i n t e r f a c e f o r helium i s s e v e r a l atomic l a y e r s t h i c k . I n our own experiments on t h e s o l i d i f i c a t i o n of 3~e a t low gemperatures (-5 100 mK) w i t h i n a r e s t r i c t e d geometry (Vycor porous g l a s s with pore diameter % 70A), we have made use of t h e a d i a b a t i c s o l i d i f i c a t i o n p r o c e s s f o r c o o l i n g 3~e i t s e l f (
Pomeranchuk e f f e c t ) t.o make measurements of entropy and volume changes a s a f u n c t i o n o f p r e s s u r e and temperature w i t h i n 2 / 3 b a r o f t h e melting curve. Measurements o f magnetisa t i o n have a l s o been made. The o b s e r v a t i o n s show t h a t t h e r e s t r i c t e d geometry provided by t h e high s u r f a c e -a r e a s o l i d g l a s s s u b s t r a t e can have a profound e f f e c t : i n p a r t i c u l a r , it induces a high d e n s i t y (p > s o l i d ) , high entropy phase which, although d i s o r d e r e d , i s probably mobile. Such a s i t u a t i o n may a l s o be r e p r e s e n t a t i v e of t h e i n t e r f a c e between bulk l i q u i d and s o l i d helium, and we compare o u r measurements with o t h e r s which g i v e i n d i r e c t evidence o f t h e n a t u r e of t h i s i n t e r f a c e .
The efficiency i~+th which h i q h l y p o l a r i z e d l i q u i d work on t h e f r e e z i n g of 3~e and 4~e i n r e s t r i c t e d 3~e can be produced by melting of t h e s o l i d depends geometries may be r e l e v a n t t o t h i s problem. F i n a l l y on t h e n a t u r e o f t h e melting i n t e r f d c e , and i n we suggest t h a t it i s l i k e l y t h a t r e l a t i v e l y r a p i d p a r t i c u l a r on t h e p o s s i b l e r e l a x a t i o n processes r e l a x a t i o n o f t h e n u c l e a r s p i n system i n high f o r nuclear magnetism w i t h i n t h a t i n t e r f a c e . I n magnetic f i e l d s occurs a t t h e melting i n t e r f a c e of t h i s paper we b r i e f l y review t h e c u r r e n t under3~e . s t a n d i n g of t h e f r e e z i n g and melting i n t e r f a c e s o f A l a r g e body of knowledge e x i s t s from s t u d i e s c l a s s i c a l s o l i d s , and consider t h e modifications by v a r i e d techniques on t h e growth of pure t o t h e s e i d e a s necessary when they a r e a p p l i e d t o c r y s t a l l i n e s o l i d s from t h e l i q u i d phase/l/. A quantum s o l i d s a t low temperature. W e then d i s c u s s c o n s i s t e n t p i c t u r e h a s been evolved i n which t h e v a r i o u s experiments which give information on two experimentally observed forms o f growtht h e n a t u r e o f t h e s o l i d -l i q u i d i n t e r f a c e s of 3~e f a c e t i n g with plane s u r f a c e s c o r r e s p o~d i , n g t o c l o s e and 4~e b e f o r e showing t h a t r e c e n t experimental packed atomic p l a n e s , and rounded s u r f a c e s o f c o n s t a n t temperature -a r e understood a s low and
high temperature growth forms s e p a r a t e d by a co-operative t r a n s i t i o n i n t h e i n t e r f a c e s t r u c t u r e .
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Below a temperature a t which t h e c h a r a c t e r i s t i c thermal e n e r g i e s a r e a f r a c t i o n ( c l o s e t o u n i t y ) o f t h e i n t e r n a l energy d i f f e r e n c e between t h e s o l i d and l i q u i d phases, low index c l o s e packed s u r f a c e s of t h e s o l i d a r e a t o m i c a l l y smooth, a b r u p t l y changing i n t o t h e bulk l i q u i d phase.
Above t h e c h a r a c t e r i s t i c temperature t h e s u r f a c e m e l t s and undergoes a roughening transition, changing from an a t o m i c a l l y smooth and abrupt i n t e r f a c e t o a d i f f u s e one i n which t h e f r a c t i o n of atoms on l a t t i c e s i t e s f a l l s t o z e r o over s e v e r a l atomic l a y e r s . These s u r f a c e s have no long range o r d e r and can accommodate themselves t o any equilibrium shape which h a s a c u r v a t u r e t h a t i s always small on a n atomic s c a l e .
The two d i f f e r e n t s u r f a c e types have d i f f e r e n t behaviours when f r e e z i n g occurs.
Atomically smooth s u r f a c e s a r e b e l i e v e d t o grow by t h e p r o g r e s s of atomic s t e p s a c r o s s t h e s u r f a c e , and because t h e binding o f atoms t o t h e s e s t e p s i s weaker than t o a completed s u r f a c e p l a n e , s u b s t a n t i a l undercooling may be r e q u i r e d t o produce s o l i d growth, whereas t h e roughened s u r f a c e s r e p r e s e n t a n e q u i l i b r i u m between t h e two phases and a r e b e l i e v e d t o grow without undercooling. I n equilibrium t h e form o f t h e s o l i d w i l l be governed by t h e d i f f e r e n t s u r f a c e e n e r g i e s o f various atomic p l a n e s ; i n g e n e r a l , even below t h e roughening t r a n s i t i o n temperature t h e s o l i d w i l l show some rounding a t t h e edges a t which f a c e t s i n t e r s e c t , s i n c e t h e s e edges a r e more e a s i l y melted t h a n a whole s u r f a c e . I n melting t h e d i f f e r e n c e i n t h e form o f t h e s o l i d between t h e two s u r f a c e types i s much reduced; below t h e roughening temperature t h e high index s u r f a c e s m e l t more r a p i d l y than t h e c l o s e packed smooth s u r f a c e s which they consume, g i v i n g a rounded appearance
t o t h e c r y s t a l . These high index s u r f a c e s a r e imagined t o be composed o f a s e r i e s o f randomly spaced ledges o f lower index s u r f a c e , w i t h many kinks along t h e l e n g t h o f any s t e p ; although t h e s e m e l t i n g s u r f a c e s a r e n o t ordered they a r e s t i l l b e l i e v e d t o b e r e l a t i v e l y a b r u p t t r a n s i t i o n s between l i q u i d and s o l i d phases.
The s t a b i l i t y o f t h e l i q u i d phases o f 3~e and ' He down t o a b s o l u t e zero i s a n immediate i n d i c a t i o n t h a t , i n a d d i t i o n t o t h e thermal motion o f t h e atoms, quantum mechanical zero p o i n t motion must be considered when t h e helium l i q u i d -s o l i d i n t e r f a c e i s modelled.
There a r e t h r e e p o s s i b l e approaches: we can attempt t o d e s c r i b e t h e z e r o p o i n t motion by a n e q u i v a l e n t temperature and compare t h i s with t h e roughening temperature: secondly, we can c o n s t r u c t a quantum mechanical model o f a roughened s u r f a c e , f o r i n s t a n c e by considering quantum s u r f a c e d e f e c t waves, and compare t h e energy with t h a t o f a n a b r u p t i n t e r f a c e ; f i n a l l y we can s e a r c h f o r a new d e s c r i p t i o n o f a quantum i n t e r f a c e .
I n view o f t h e l a r g e amount o f work on t h e p o s s i b i l i t y of ground s t a t e vacancies i n s o l i d helium

/2/, it i s n a t u r a l t o c o n s i d e r t h e e x t e n s i o n o f this work t o s u r f a c e vacancies. Guyer r a i s e d t h e p o s s ib i l i t y t h a t inhomogeneous regions i n helium might reduce t h e i r ground s t a t e energy by i n t r o d u c i n g vacancies which were r e s t r i c t e d t o t h a t r e g i o n /3/.
A second approach h a s been taken by Andreev and P a r s h i n who have considered a q u a n t i s e d v e r s i o n o f t h e c l a s s i c terrace-ledge-kink model /4,5/.
I n both t h e s e c a l c u l a t i o n s t h e e x i s t e n c e o f mobile ground s t a t e d e f e c t s depends on t h e width o f t h e d e f e c t band compared with t h e excess energy a s s o c i a t e d w i t h t h e formation of t h e d e f e c t . A s has been t h e c a s e o f s o l i d 3~e , t h e s e a u t h o r s argue t h a t t h e bandwidth is such t h a t t h e ground s t a t e i n c l u d e s a number o f t h e s e s u r f a c e d e f e c t s .
C l a s s i c a l models o f a n i n t e r f a c e t r e a t t h e l i q u i d phase a s a continuous medium, even on a n atomic s c a l e . This may be j u s t i f i e d a s t h e c o r r e l a t i o n time i n t h e l i q u i d i s s h o r t compared with t h e thermal e q u i l i b r i u m time a s s o c i a t e d with bonding a n atom onto a l a t t i c e s i t e w i t h t h e r e l e a s e of t h e a p p r o p r i a t e binding energy. A t t h e l i q u i d -s o l i d i n t e r f a c e i n helium this equilibrium time argument may no longer be v a l i d s i n c e t h e energy r e l e a s e p e r atom w i l l be small. I n modelli n g t h e helium i n t e r f a c e we need a n atomic model o f both l i q u i d and s o l i d phases, a v e r s i o n of which we w i l l now p u t forward; this i s s i m i l a r i n concept t o t h a t of Castaing and ~o z i ' e r e s / 6 / .
The atomic d e s c r i p t i o n o f s o l i d helium i s w e l l e s t a b l i s h e d : t h e i n i t i a l Hamiltonian i s transformed by t h e use of s i n g l e p a r t i c l e wave f u n c t i o n s evaluated i n a s e l f -c o n s i s t e n t f a s h i o n which "spread" t h e p a r t i c l e over t h e a v a i l a b l e
volume, modifying t h e e f f e c t i v e two-particle p o t e n t i a l . l h i s e f f e c t i v e p o t e n t i a l i s t h e n used t o e v a l u a t e p a i r c o r r e l a t i o n f u n c t i o n s between t h e "spread" p a r t i c l e s , e f f e c t i v e l y keeping t h e h a r d c o r e s o f t h e p a r t i c l e s a p a r t . These two s t a g e s , which account f o r t h e dominant e n e r g i e s i n a quantum s o l i d , can be taken over t o a c e l l model o f l i q u i d helium i n which we spread t h e p a r t i c l e s i n a s e l f -c o n s i s t e n t f a s h i o n and then use p a i r c o r r e l a t i o n f u n c t i o n s ; such a n approach should g i v e t h e l i q u i d s t r u c t u r e f a c t o r . The d i f f e r e n c e between a l i q u i d (or g l a s s ) and a s o l i d i n t h i s model i s i n t h e number o f n e a r e s t neighbours. I n a p e r f e c t c r y s t a l l i n e s o l i d a l l atoms have i d e n t i c a l numbers of n e a r e s t neighbours; t h i s , t o g e t h e r with a c h a r a c t e r i s t i c spacing, g i v e s long range order.
I n a g l a s s o r l i q u i d on t h e o t h e r hand t h e number o f
n e a r e s t neighbours f l u c t u a t e s about a n average: some atoms have a n excess, corresponding t o t h e presence o f a n i n t e r s t i t i a l atom, w h i l e o t h e r s have fewer t h a n t h e average, corresponding t o a vacancy. t h e s o l i d -l i q u i d i n t e r f a c e , which we may now consider a s a n i n t e r f a c e between a c r y s t a l and a quantum g l a s s . A t this s t a g e we note t h a t t h e r e a r e s e v e r e problems i n using conventional models f o r t h e i n t e rf a c e f o r helium; f i r s t l y t h e s e have been developed f o r s o l i d s with s t r o n g bonding, and hence, although t h e s t a t i s t i c a l physics of t h e t h e o r i e s suggests t h a t t h e PAV term c a n c e l s i n t h e equations, t h i s term i s always n e g l i g i b l e i n t h e examples which have been considered. Secondly t h e cause of t h e s t a b i l i t y of t h e BCC c r y s t a l s t r u c t u r e i n 3~e i s us t o avoid some of these problems: as s t a t e d e a r l i e r t h e l i q u i d phase includes both vacancies and i n t e r s t i t i a l s ; only the former may penetrate t h e surface layer of t h e c r y s t a l . This leads t o a picture of an i n t e r f a c e i n which t h e number of nearest neighbours v a r i e s over a few atomic layers
An important d i s t i n c t i o n t o be made a t t h i s p o i n t i s t h a t t h e s e vacancies and i n t e r s t i t i a l s cannot be a t t r i b u t e d t o a p a r t i c u l a r s i t e because
from t h a t i n the s o l i d t o t h a t i n t h e l i q u i d by v i r t u e of the penetration of vacancies a s h o r t distance i n t o t h e c r y s t a l s t r u c t u r e . These vacancies, localised a t t h e surface, can be quantised t o give excitations similar t o Rayleigh waves; because they i n t e r a c t with t h e disordered l i q u i d phase a s well a s the s o l i d they may again no
longer favour a ferromagnetic ground s t a t e .
The relaxation of the nuclear spin system i n t h e i n t e r f a c e depends on the c o r r e l a t i o n time of the l o c a l dipolar f i e l d and hence t h e frequency with which p a r t i c l e s may interchange. The exchange i n t e r a c t i o n can be described i n our model f o r t h e s o l i d , the i n t e r f a c e and the liquid.
It comes from t h a t p a r t of one of the wave functions of adjacent atoms which overlaps on t o t h a t of t h e other.
Since these have been constructed with t h e two body c o r r e l a t i o n s b u i l t i n , t h e d i r e c t overlap of t h e wave functions i s small, and t h e principal contribution t o t h e exchange i n t e r a c t i o n comes from interchange of t h e p a r t i c l e s by p a i r r o t a t i o n a s i n molecular hydrogen. From t h i s argument it follows t h a t the exchange i n t e r a c t i o n and hence the inverse c o r r e l a t i o n time varies continuously from the s o l i d phase through t h e i n t e r f a c i a l region t o the l i q u i d phase. This conclusion i s similar t o t h a t of Castaing and ~o z i s r e s t h a t t h e r e l a t i v e l y l a r g e s u s c e p t i b i l i t y of the l i q u i d compared with a
Fermi system of t h a t density i s a consequence of it being nearly localized.
Experimental evidence r e l a t i n g t o t h e nature of the liquid-solid i n t e r f a c e i n 3~e a t low temper- of considerable i n t e r e s t i s t h e apparent existence of a roughening t r a n s i t i o n of the surfaces perpendi c u l a r t o t h e hexagonal a x i s a t a temperature of
K. This t r a n s i t i o n i s a s s o c i a t e d , according t o t h e a u t h o r s , w i t h a n i n s t a b i l i t y i n t h e i n t e r f a c e a g a i n s t c a p i l l a r y waves o f t h e v a r i e t y suggested by
Andreev and Parshin /4/. I t i s i n t e r e s t i n g t o note t h a t t h e s u r f a c e t e n s i o n does n o t have an observa b l e temperature dependence above t h e roughening t r a n s i t i o n , and t h e roughened s u r f a c e t h e r e f o r e h a s a low entropy. These o b s e r v a t i o n s p r e s e n t an example o f t h e problem we f a c e i n d e s c r i b i n g t h e helium i n t e r f a c e : i n a c l a s s i c a l system t h e i n t e r f a c e would b e a b r u p t below t h i s roughening temperature,
whereas Andreev and Parshin show t h a t t h e r e may b e quantum f l u c t u a t i o n s a t t h e plane o f t h e i n t e r f a c e corresponding t o a t l e a s t one l a y e r i n which t h e p r o p e r t i e s a r e i n t e r m e d i a t e between l i q u i d and s o l i d even below t h e roughening temperature. I t may a l s o b e r e l e v a n t t o t h e n a t u r e o f t h e 3~e i n t e r -
f a c e t h a t t h e growth o f B.C.C. '~e , which occurs above 1.4 K, never shows any f a c e t i n g /11/; t h i s might s u g g e s t t h a t t h e e x t r a amplitude o f zero p o i n t motion i n 3~e could a l s o b e s u f f i c i e n t t o e l i m i n a t e f a c e t i n g .
Another source o f i n d i r e c t information about t h e n a t u r e o f t h e i n t e r f a c e i s experimental work on t h e n u c l e a t i o n of helium c r y s t a l s on c e r t a i n s u b s t r a t e s . Lawson h a s shown t h a t n u c l e a t i o n of HCP c r y s t a l s o f 4~e w i t h reproducible o r i e n t a t i o n s can be induced by a s i n g l e c r y s t a l gold s u r f a c e w i t h l a t t i c e dimensions commensurate with t h o s e o f
t h e d e s i r e d atomic plane o f ' He /13/. However t h e s e r e s u l t s a r e unusual, and most workers have found t h a t , although n u c l e a t i o n may occur a t t h e same p o i n t , t h e c r y s t a l axes have random v a r i a t i o n s between one experiment and another. Thermal and magnetic s t u d i e s have shown t h a t a t zero e x t e r n a l p r e s s u r e t h e 3~e behaves a s two weakly coupled systems, t h e l a y e r a d j a c e n t t o t h e s u r f a c e having a T~ s p e c i f i c h e a t and a Curie law s u s c e p t ib i l i t y , while t h e remaining 3~e behaves a s a degenerate fermi l i q u i d , b u t with a reduced fermi temperature, c o r r e l a t e d w i t h i t s higher d e n s i t y .
/15/. I n our experiments a t around 40 mK we have found t h a t t h e r e was no evidence f o r any marked change i n t h e p r o p e r t i e s o f t h i s f l u i d p a r t even when its average d e n s i t y exceeded t h a t of s o l i d 3~e ,
u n t i l a p r e s s u r e 0.7 b a r below t h e bulk melting curve was reached. Between t h i s p r e s s u r e and about 0.2 b a r below t h e melting curve a s u b s t a n t i a l amount of entropy was absorbed by the 3~e i n t h e Vycor, and i t s d e n s i t y a l s o i n c r e a s e d t o a value considera b l y above t h a t o f bulk s o l i d 3~e . Magnetisation measurements showed only a small i n c r e a s e i n s u s c e p t i b i l i t y over t h i s p r e s s u r e range, al+-hough t h e f a i l u r e t o observe a l a r g e r i n c r e a s e may have been a n experimental a r t e f a c t . I n r e l a t e d work i n our l a b o r a t o r y using %e, we have been unable t o
f i n d any i n d i c a t i o n o f s o l i d i f i c a t i o n w i t h i n porous
Vycor up t o , and indeed above, t h e bulk s o l i d i f i c a ti o n p r e s s u r e /16, 17/. A c o n s i s t e n t p i c t u r e of t h e s e r e s u l t s emerges i f we i n t e r p r e t t h e high dens i t y phase found i n t h e Vycor a s one which i s d i sordered and includes a l a r g e number o f d e f e c t s , a s was suggested by Guyer /3/. These d e f e c t s , which allow t h e dense phase t o remain f l u i d , r e s u l t i n a s i m i l a r atomic p i c t u r e of t h e dense 3~e i n t h e Vycor t o t h a t of 3~e a t t h e s o l i d -l i q u i d i n t e r f a c e . This p o s s i b i l i t y would be o f major s i g n i f i c a n c e i n t h e study o f t h e i n t e r f a c e o f helium, s i n c e i t i s hard
by o t h e r means t o s t a b i l i s e a n a r e a s u f f i c i e n t t o produce s i g n i f i c a n t experimental e f f e c t s .
W e now consider t h e nuclear s p i n r e l a x a t i o n processes a t t h e l i q u i d -s o l i d i n t e r f a c e o f 3~e
using t h e model we have developed and t h e evidence from a small number o f experiments. The longi t u d i n a l s p i n r e l a x a t i o n r a t e i n 3~e is proporti o n a l t o t h e s p e c t r a l d e n s i t y of t h e l o c a l d i p o l e f i e l d a t t h e Larmor frequency, f o , and a t 2fo. The t o t a l a r e a of t h i s f u n c t i o n i s equal t o t h e RMS d i p o l a r f i e l d which i s c o n s t a n t ; i n most models of t h e form of t h i s s p e c t r a l d e n s i t y i t s value a t frequencies g r e a t e r t h a n t h e i n v e r s e c o r r e l a t i o n time i n c r e a s e s a s t h e c o r r e l a t i o n time d e c r e a s e s , while f o r f r e q u e n c i e s lower t h a n t h i s value t h e converse i s t r u e . I t follows from t h i s t h a t t h e l o n g i t u d i n a l r e l a x a t i o n time h a s a minimum value, f o r a f i x e d Larmor frequency, when t h e c o r r e l a t i o n time i s c l o s e t o t h e Larmor p e r i o d . Since our d e s c r i p t i o n of t h e i n t e r f a c e p o s t u l a t e s a continuous v a r i a t i o n i n c o r r e l a t i o n time from t h e r e l a t i v e l y l a r g e value i n t h e s o l i d t o t h e small value i n t h e l i q u i d , it follows t h a t t h e r e w i l l be w i t h i n t h e i n t e r f a c e a l a y e r i n which t h e r e l a x a ti o n time i s s h o r t even i n l a r g e magnetic f i e l d s .
The importance of this l a y e r i n t h e melting process depends on i t s width, which i n t u r n depends on t h e a b i l i t y of vacancies t o p e n e t r a t e i n t o s o l i d 3~e .
This p i c t u r e i s c o n s i s t e n t with measurements which were made on 3~e i n Vycor /14/: t h e spin-spin r e l a x a t i o n time d i d n o t change s i g n i f i c a n t l y i n a f i e l d o f about 250 gauss when t h e dense phase was being formed, implying t h a t t h e c o r r e l a t i o n time i n t h i s phase remains s h o r t compared with both t h a t i n the l o c a l i z e d l a y e r a d j a c e n t t o t h e s u r f a c e and experiments by G i f f a r d e t a l . on s p i n r e l a x a t i o n i n s o l i d 3~e a t h i g h e r d e n s i t i e s /la/. I n t h e i r experiments they observed t h a t d e f e c t s u r f a c e s w i t h i n t h e c r y s t a l s provided an important r e l a xa t i o n mechanism whose e f f e c t i v e n e s s was d i f f i c u l t t o account f o r . They i n t e r p r e t e d t h e s e s u r f a c e s a s small a n g l e g r a i n boundaries s i n c e they could be annealed a t temperatures s i g n i f i c a n t l y below t h e s o l i d melting temperature. I n c l a s s i c a l s o l i d s t h e s e g r a i n boundaries a r e known t o melt b e f o r e t h e bulk c r y s t a l , and some have f r e e e n e r g i e s compara b l e t o twice t h e l i q u i d -s o l i d i n t e r f a c i a l energy, and may be considered t o i n c l u d e a l i q u i d l a y e r even s i g n i f i c a n t l y below t h e melting temperature.
I f t h i s were t o he t h e c a s e i n s o l i d 3~e , it would follow t h a t t h e s e g r a i n boundaries a l s o allow experimental observations on t h e n a t u r e o f t h e i n t e r f a c e , and i n p a r t i c u l a r t h e r e l a x a t i o n mechanisms a s s o c i a t e d w i t h this i n t e r f a c e . Hunt e t a l . r e p o r t e d low temperature r e l a x a t i o n times i n A s Castaing and ~o z i z r e s have p o i n t e d o u t /16/, only a small r e g i o n o f t h e s p i n system near t o t h e i n t e rf a c e is o u t o f e q u i l i b r i u m , b u t t h i s i s a l s o t h e r e g i o n i n which t h e r e l a x a t i o n time i s f a s t e s t .
(The r e l a x a t i o n time appears t o be p r o p o r t i o n a l t o t h e square o f t h e d i s t a n c e from t h e r e l a x i n g s u rf a c e . )
The experiments of C h a p e l l i e r , F r o s s a t i and Rasmussen /8/ provide some confirmation t h a t t h e r e l a x a t i o n i n t h e i n t e r f a c e i s f a s t e s t i n a region i n which t h e e f f e c t i v e exchange i n t e r a c t i o n is l a r g e r than i n bulk s o l i d .
To p o l a r i s e t h e s o l i d 3~e they s t a r t e d with l i q u i d 3~e i n a Pomeranchuk c e l l i n a high f i e l d and compressed t o produce p o l a r i z e d 3~e .
I f t h e r e was no r e l a x a t i o n a t t h e i n t e r f a c e t h i s procedure would not work because t h e s o l i d would be formed w i t h i t s s p i n system o u t of e q u i l i b r i u m with both t h e l a t t i c e and l i q u i d temperatures; however they were a b l e t o achieve p o l a r i z a t i o n s of up t o 20%. l e s s t h a n t h e p o l a r i z a t i o n which would r e s u l t from i s o t r o p i c s o l i d i f i c a t i o n , b u t n e v e r t h e l e s s suggesting t h a t r e l a x a t i o n occurs near t h e i n t e rf a c e . Such a reduced p o l a r i z a t i o n would be expected i n our i n t e r f a c e model i n which t h e exchange i n t e r a c t i o n and r e l a x a t i o n time vary c o n t i n o u s l y i n t h e r e g i o n o f t h e i n t e r f a c e . The f a s t e s t r e l a x a t i o n r a t e w i l l occur when t h e exchange and Zeeman i n t e r a c t i o n s a r e comparable, e q u a l i si n g t h e temperatures of t h e s e two systems; because t h e exchange system has a l a r g e r h e a t c a p a c i t y f o r a s i m i l a r fleyuency it follows t h a t t h e maximum p o l a r i z a t i o n t h a t can b e prodilced by this method might be l e s s than one h a l f of t h e i s e n t r o p i c value.
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